Background {#s1}
==========

Coronary tortuosity (CorT) is a common coronary angiographic finding. CorT is defined as three fixed bends during both systole and diastole in at least one epicardial artery, with each bend showing a 45° change in vessel direction.[@R01] The aetiology, clinical implications and long-term prognosis are not well clarified.

Clinical studies have demonstrated that CorT may be related to aging, hypertension, atherosclerosis and diabetes mellitus.[@R02],[@R03] CorT is associated with reversible myocardial perfusion defects and chronic stable angina.[@R04],[@R05] Zegers et al.6 demonstrated three cases of patients with CorT and hypothesised that CorT may lead to ischaemia. Patients with CorT may suffer from effortinduced chest pain and pain at rest.[@R06] The relationship between CorT and coronary atherosclerosis is unclear.

Platelets play a key role in the genesis of thrombosis. Platelets, the amount of which in the blood is indicated with plateletcrit (PCT), are important for inflammation, thrombosis and cardiovascular pathophysiology. Increased mean platelet volume (MPV) has been found to be associated not only with coronary artery disease but also with carotid artery disease, deep-vein thrombosis and pulmonary embolism.[@R07]-[@R09] Platelets with larger volumes are more active and vulnerable and therefore are a topic of interest in the development of atherosclerosis.10

PCT provides more comprehensive data about total platelet mass because it is equivalent to MPV and platelet count (PLT), where PCT = PLT × MPV/107. To the best of our knowledge, PCT and its association with CorT has not been previously reported. In this study, we investigated the relationship between all platelet markers and CorT.

Methods {#s2}
=======

A retrospective evaluation was performed of consecutive patients undergoing coronary angiography due to stable angina pectoris. Stable angina was defined as discomfort in the chest, back, jaw, shoulder or arms, typically elicited by exertion or emotional stress, and relieved by rest or nitroglycerin. All patients enrolled in the study underwent coronary angiography as a result of chest pain and objective signs of ischaemia during treadmill exercises.

Routine laboratory and clinical parameters (hypertension, hypercholesterolaemia, diabetes mellitus and tobacco use) were obtained from the patient medical records. Study exclusion criteria included acute or chronic hepatic and renal failure, chronic obstructive pulmonary disease, peripheral and cerebral arterial disease, inflammatory diseases, congenital heart disease, restrictive cardiomyopathy, dilated cardiomyopathy, hypothyroidism, hyperthyroidism, malignancies, autoimmune diseases, acute or chronic infectious disease, coronary ectasia, severe coronary artery disease, coronary slow flow, mild-to-severe valvular disease, heart failure, anaemia and patients on anti-aggregation therapy.

All patients underwent coronary angiography according to the Judkins technique. Angiograms were reviewed by at least two blinded reviewing cardiologists. The left anterior descending coronary artery (LAD), left circumflex coronary artery (LCX) and right coronary artery (RCA) were observed in various angulations. CorT was evaluated on special angulations, the LAD was assessed in the right anterior oblique view with cranial angulations, and the LCX in the left anterior oblique with caudal angulations, while the RCA was assessed in the right anterior oblique view. CorT was identified by three or more bends (defined as ≥ 45° change in vessel direction) along the main trunk of at least one artery, present both in systole and diastole.[@R01]

Prior to coronary angiography, eight-hour postprandial venous blood was collected from all patients for routine laboratory testing. Haematological parameters, including haemoglobin, haematocrit and white blood cell count were analysed using an automated CBC device (Abbott Cell Dyn; Abbott Laboratories, Effingham, Illinois, USA). Biochemical parameters were measured using an Olympus AU 600 autoanalyser (Olympus Optical Co, Ltd, Schimatsu-Mishima, Japan). All study parameters were reviewed and approved by the local ethics committee.

Statistical analysis {#s3}
====================

Statistical analysis was performed using the SPSS (version 20.0, SPSS Inc, Chicago, Illinois) software package. Continuous variables are expressed as mean ± standard deviation (mean ± SD) and categorical variables as percentages (%). The Kolmogorov-- Smirnov test was used to evaluate the distribution of variables. The Student's t-test was used to evaluate continuous variables showing normal distribution and the Mann--Whitney U-test was used to evaluate variables that did not show normal distribution. A p-value \< 0.05 was considered statistically significant.

To identify predictors of CorT, the following variables were initially assessed in a univariate model: age, hypertension, female gender, diabetes, hyperlipidaemia, current smoking and haematological parameters. Significant variables in univariate analysis were then entered into a multivariate logistic regression analysis using backward stepwise selection.

Results {#s4}
=======

The coronary tortuosity and normal coronary groups comprised 106 and 108 patients, respectively. The demographic characteristics of both groups are summarised in [Table 1](#T1){ref-type="table"}.

###### General characteristics of the patients

  *Patient characteristics*   Coronary tortuosity                     
  --------------------------- --------------------- ----------------- ----------
  Age, years                  61.8 ± 6.1 (61)       52.9 ± 8.1 (51)   \< 0.001
  Female gender, n (%)        75 (70.8)             48 (44.4)         \< 0.001
  Hypertension, n (%)         96 (90.6)             54 (50)           \< 0.001
  Diabetes mellitus, n (%)    20 (18.9)             2 (1.9)           \< 0.001
  Current smoking, n (%)      30 (28.3)             22 (20.4)         0.176

There was no significant difference between the groups regarding current smoking (28.3 vs 20.4% p = 0.176) ([Table 1](#T1){ref-type="table"}). There was no significant difference between the groups regarding total cholesterol, high-density lipoprotein cholesterol and triglyceride levels, haemoglobin, white blood cell and neutrophil counts, C-reactive protein, urea and creatinine levels, and ejection fraction \[209.9 ± 30.5 vs 206.3 ± 31.8 mg/dl (5.44 ± 0.79 vs 5.34 ± 0.82 mmol/l), p = 0.478; 48 ± 13.6 vs 43.3 ± 5.6 mg/ dl (1.24 ± 0.35 vs 1.12 ± 0.12 mmol.l), p = 0.075; 152.4 ± 27.4 vs 163.1 ± 48.5 mg/dl (1.72 ± 0.31 vs 1.84 ± 0.55 mmol/l), p = 0.517; 13.3 ± 1.5 vs 14.4 ± 1.2 g/dl, p = 0.527; 6.96 ± 2.12 vs 7.0 ± 1.3 103/µl, p = 0.683; 4.35 ± 1.6 vs 3.97 ± 0.99 103/µl, p = 0.408; 0.48 ± 0,14 vs 0.44 ± 0.18 mg/dl, p = 0.267; 35.0 ± 10.5 vs 38.7 ± 5.8 mg/ dl, p = 0.428; 0.79 ± 0.18 vs 0.83 ± 0.12 mg/dl; p = 0.367; 60.4 ± 2.5 vs 61.6 ± 3.2%, p = 0.751, respectively\] ([Table 2](#T2){ref-type="table"}).

###### Laboratory and echocardiographic parameters

  *Laboratory and echocardiographic variables*   *Coronary tortuosity*                             
  ---------------------------------------------- ------------------------ ------------------------ ----------
  Haemoglobin (g/dl)                             13.3 ± 1.5 (13.9)        14.4 ± 1.2 (14.1)        0.527
  Platelets (103/µl)                             236.5 ± 57.1 (229.0)     218.5 ± 32.1 (219.0)     0.009
  White blood cells (103/µl)                     6.96 ± 2.12 (6.84)       7.0 ± 1.3 (6.9)          0.683
  Mean platelet volume (fl)                      10.6 ± 1.4 (10.5)        9.5 ± 0.65 (9.5)         \< 0.001
  Neutrophils (103/µl)                           4.35 ± 1.6 (4.1)         3.97 ± 0.99 (4.39)       0.408
  Lymphocytes (103/µl)                           1.99 ± 1 (1.96)          2.77 ± 0.58 (2.65)       \< 0.001
  Neutrophil:lymphocyte Ratio                    2.3 ± 1 (2.06)           1.47 ± 0.48 (1.45)       \< 0.001
  Platelet:large-cell ratio                      29.3 ± 6.7 (29)          23.4 ± 5.1 (23.1)        \< 0.001
  Platelet:lymphocyte ratio                      1.28 ± 0.5 (1.1)         0.82 ± 0.23 (0.8)        \< 0.001
  Plateletcrit (%)                               0.26 ± 0.16 (0.24)       0.21 ± 0.03 (0.20)       \< 0.001
  C-reactive protein (mg/dl)                     0.48 ± 0.14 (0.45)       0.44 ± 0.18 (0.41)       0.267
  Total cholesterol (mg/dl)                      209.9 ± 30.5 (210)       206.3 ± 31.8 (204)       0.478
  \[mmol/l\]                                     \[5.44 ± 0.79 (5.44)\]   \[5.34 ± 0.82 (5.28)\]   
  High-density lipoprotein cholesterol (mg/dl)   48 ± 13.6 (45)           43.3 ± 5.9 (43)          0.075
  \[mmol/l\]                                     \[1.24 ± 0.35 (1.17)\]   \[1.12 ± 0.15 (1.11)\]   
  Low-density lipoprotein cholesterol (mg/dl)    139.9 ± 24.7 (148)       132.7 ± 27.4 (134)       0.02
  \[mmol/l\]                                     \[3.62 ± 0.64 (3.83)\]   \[3.44 ± 0.71 (3.47)\]   
  Triglycerides (mg/dl)                          152.4 ± 27.4 (134)       163.1 ± 48.5 (154.5)     0.517
  \[mmol/l\]                                     \[1.72 ± 0.31 (1.51)\]   \[1.84 ± 0.55 (1.75)\]   
  Urea (mg/dl)                                   35.0 ± 10.5 (36)         38.7 ± 5.8 (38)          0.428
  Creatinine (mg/dl)                             0.79 ± 0.18 (0.76)       0.83 ± 0.12 (0.80)       0.367
  Ejection fraction (%)                          60.4 ± 2.5 (61.1)        61.6 ± 3.2 (62.4)        0.751

However, there was a significant difference between the groups regarding hypertension, with more hypertensive patients in the CorT group (90.6 vs 50%, p \< 0.001) ([Table 1](#T1){ref-type="table"}). There were also significant differences between the groups regarding age, female gender, diabetes mellitus and low-density lipoprotein cholesterol levels \[61.8 ± 8.7 vs 52.9 ± 8.1 years, p \< 0.001; 70.8 vs 44.4%, p \< 0.001; 18.9 vs 1.9%, p \< 0.001; 139.9 ± 24.7 vs 132.7 ± 27.4 mg/dl (3.62 ± 0.64 vs 3.44 ± 0.71 mmol/l), p = 0.02, respectively\].

The median PCT, MPV, P-LCR, NLR and PLR values of the CorT group were significantly higher than those of the control group (0.26 ± 0.02 vs 0.2 ± 0.03%, p \< 0.001; 10.6 ± 0.14 vs 9.6 ± 0.65 fl, p \< 0.001; 29.3 ± 6.7 vs 23.4 ± 5.1, p \< 0.001; 2.3 ± 1 vs 1.47 ± 0.48, p \< 0.001; 1.28 ± 0.5 vs 0.82 ± 0.23, p \< 0.001, respectively) ([Table 2](#T2){ref-type="table"}).

The results of univariate analyses are presented in [Table 3](#T3){ref-type="table"}. On univariate analysis, age, diabetes mellitus, hypertension, female gender, PCT and NLR were associated with CorT ([Table 3](#T3){ref-type="table"}). On multivariate analysis age, hypertension, diabetes mellitus and PCR were independent predictors for CorT (OR 1.826; 95% CI: 1.354--2.167; p \< 0.001, OR 2.158; 95% CI: 1.462--2.937; p \< 0.001, OR 1.583; 95% CI: 1.362--2.835; p \< 0.001, OR 1.634; 95% CI: 1.345--2.724; p \< 0.001, respectively) ([Table 4](#T4){ref-type="table"}).

###### Univariate analysis of predictors for coronary tortuosity

  *Predictor variables*         *OR (95% CI)*          *p-value*
  ----------------------------- ---------------------- -----------
  Age, years                    3.275 (1.943--5.627)   \< 0.001
  Diabetes mellitus, n (%)      2.539 (1.675--3.592)   \< 0.001
  Hypertension, n (%)           2.856 (1.345--3.863)   \< 0.001
  Female gender, n (%)          2.348 (1.857--4.362)   \< 0.001
  Plateletcrit                  2.896 (1.964--4.857)   \< 0.001
  Neutrophil:lymphocyte ratio   1.854 (1.376--2.827)   0.001

###### Multivariate analysis of predictors for coronary tortuosity

  Predictor variables        OR (95% CI)            p-value
  -------------------------- ---------------------- ----------
  Age, years                 1.826 (1.354--2.167)   \< 0.001
  Hypertension, n (%)        2.158 (1.462--2.937)   \< 0.001
  Diabetes mellitus, n (%)   1.583 (1.362--2.835)   \< 0.001
  Plateletcrit               1.634 (1.345--2.724)   \< 0.001

Discussion {#s5}
==========

In this study, we investigated the association between CorT and PCT. Our results reveal that PCT, MPV, P-LCR, NLR and PLR of patients with CorT were higher than those of the control group consisting of patients with a normal coronary artery. Age, hypertension, diabetes mellitus and PCT were independently associated with CorT.

CorT is a common coronary angiographic finding. In the study by Li, et al., the prevalence of CorT was 39.1% in patients with stable angina pectoris.[@R03] To date the aetiology of CorT is unclear. There are several possible mechanisms implicated in the development of CorT. Some authors claim that degeneration of the elastin layer of the vessel may be the cause of coronary tortuosity.[@R11] CorT may be associated with age, hypertension and atherosclerosis.12-14 In our study, CorT was independently associated with hypertension, diabetes mellitus, age and PCT.

Li et al.[@R03] found that CorT was positively correlated with essential hypertension. They hypothesised that the arteries may become tortuous due to reduced axial strain and hypertensive pressure in an elastic cylindrical arterial model. Therefore CorT may be one of the forms of artery remodelling induced by hypertension due to increased coronary pressure and blood flow.

This is consistent with the findings of our study. We found a highly significant difference between the CorT and non-CorT groups regarding the presence of hypertension. However, some authors suggest that CorT is a common finding seen with aging and hypertension due to elongation and dilatation of the arteries associated with left ventricular hypertrophy.[@R13],[@R15]

CorT may be related to typical anginal pain with angiographic evidence of objective ischaemia without significant coronary lesions. This could be due to compression of the vessel during heart contraction.[@R14] CorT has a minor influence on coronary blood supply at rest, whereas during exercise, patients with CorT may lack the ability to adjust distal resistance sufficiently to compensate for the extra resistances generated by tortuosity, and this may further lead to an ineffective regulation of the blood supply.[@R16]

Li et al.[@R17] found that CorT can result in decreased coronary blood pressure depending on the severity of tortuosity, and therefore severe CorT may cause myocardial ischaemia. In another study, Li et al.[@R05] found that CorT was associated with reversible myocardial perfusion defects in patients with chronic stable angina and normal coronary angiograms.

CorT is associated with coronary atherosclerotic changes regardless of the presence of actual coronary stenosis. CorT may induce subclinical atherosclerosis in the absence of significant obstructive lesions.[@R18] Severe tortuosity in the coronary arteries simplifies atherosclerosis.[@R19] Therefore atherosclerosis is more common in patients with coronary artery tortuosity, as greater curvature has more areas of low-shear wall stress. Shear stress is an essential causal factor in the development of atherosclerosis[@R20] and in vulnerable plaque rupture.[@R21] Davutoglu et al.[@R22] found that CorT was strongly associated with subclinical atherosclerosis indicated by carotid intima--media thickness and retinal artery tortuosity.

On the other hand, some studies found that CorT was negatively correlated with significant coronary artery disease detected by coronary angiography.[@R03],[@R23] Esfahani et al.[@R24] showed that the mean Gensini index of the tortuous group was significantly lower than that of the non-tortuous group.

Platelet activation plays a significant role in the initiation and progression of atherosclerosis.[@R25],[@R26] Platelets release many mediators such as thromboxanes, and interleukin (IL)-1, IL-3 and IL-6 that may lead to increased inflammation.[@R27]

PCT is part of the routine CBC haematology and provides more comprehensive data about total platelet mass because the PCT is the product of the platelet count and the MPV.[@R28] Ekici et al.[@R29] reported a strong association between MPV and angiographic severity of coronary artery disease. Several studies have shown that there was a strong relationship between PCT and saphenous vein disease and slow coronary flow.[@R30],[@R31] The association between haematological parameters and adverse cardiovascular outcomes has been shown in previous studies.[@R32]-[@R35]

In this study, we found that PCT, MPV, NLR and PLR of the CorT group were significantly higher than those of the control group. Hypertension, diabetes mellitus, age and PCT were independently associated with CorT.

Our study has some limitations. First was the small sample size. Second, coronary angiography, which we used, only shows the arterial lumen, whereas cardiac computed tomography (CT) angiography and intravascular ultrasound (IVUS) allow visualisation of the lumen as well as the vascular wall. Cardiac CT and IVUS allow detection and characterisation of coronary atherosclerotic plaques. Accordingly, cardiac CT helps in the evaluation of atherosclerotic plaques that are undetected by conventional coronary angiography.

Conclusions {#s6}
===========

This is the first study to evaluate the relationship between CorT and PCT. Hypertension, diabetes mellitus, age and PCT were independently associated with CorT. We concluded that CorT is associated with increased pro-inflammatory processes related to coronary artery disease. Long-term follow up of PCT levels in patients with CorT with regard to the development of coronary artery disease may be useful.
